Chromium is a known heavy metal and recognized as a carcinogen to the biological systems. Previously isolated Cr (VI) resistant Exiguobacterium UE1 and UE4 were used in this study. These strains were analysed for exopolysaccharides (EPS) production for the remediation of Cr (VI) contaminated soils. Both the strains could tolerate about 250µg/ml of Cr (VI) stress. Strain UE1 showed 100% Cr (VI) removal whereas UE4 reduced 99.2% at an initial concentration of K2CrO4 100µgml -1
INTRODUCTION
Industrial and domestic effluents significantly pollute our environment because of increasing urban development. Industrial processes like electroplating and mining, tanning, metal processing etc. are the cheif cause of heavy metal pollution in waste water [1] . This has prompted noteworthy amounts of substantial metals being dumped into physical biological systems [2] . The metals of most concern are copper (Cu), chromium (Cr), manganese (Mn), zinc (Zn), lead (Pb), mercury (Hg), and cadmium (Cd) [3] . Anthropogenic activities likewise generate conditions in which the considerable metals are assimilated into new mixtures and may spread overall [4] . Chromium is the most commonly used heavy metal in various industries [5] . According to the US Environmental Protection Agency (EPA), the acceptable value of Cr is 0.05mgL -1 [6] .
The oxidation state of chromium is changed under different environmental conditions. The high oxidation potential of Cr (VI) makes it more toxic and lethal to biological systems, whereas Cr (III) is relatively less toxic and insoluble [7, 8] . Cr (III) has the most stable valence state [9] . Cr (VI) is more lethal as it can enter in cells and have carcinogenic effects [10] . Breathing and retaining of Cr (VI) comprising materials can lead to puncture of the nasal septum, asthma [11] , *Address correspondence to this author at the Department of Microbiology and Molecular Genetics, University of the Punjab, Quaid-e-Azam Campus, Lahore 54590, Pakistan; Tel: +92 42 35953036; Fax: +92 42 99230481; E-mail: rida.mmg@pu.edu.pk bronchitis, pneumonitis and liver and high rate of bronchogenic carcinoma [12] . Cr (VI) is responsible to cause severe abnormalities in human body so, there is a need to treat the Cr (VI) contaminated sites to reduce the toxic pollutants [13] . The conventional techniques used for Cr (VI) removal includes chemical precipitation, ion exchange, filtration, chemical oxidation and reduction, electrochemical treatment, reverse osmosis, evaporative recovery and solvent extraction [14] . These traditional technologies were often ineffective and expensive to be used for heavy metal reduction of polluted sites [15] .
To survive in soil containing high concentrations of Cr (VI), microbes have established a variety of metal resistance mechanisms. Metal adsorption, extracellular precipitation, mineralization, enzymatic oxidation or reduction to a less toxic form, and efflux of heavy metals from the cell are few of the mechanisms described [16] . Cr (VI) removal by biosorption refers toward many types of non-active metal uptake by biomass which may even be dead [17] . This metabolism independent biosorptive metal uptake happens rapidly, efficiently and sometimes as a complex phenomenon [4] .
Microbes synthesize and secrete extracellular polymeric substances plays an significant role in bacterial adaptation to different stress conditions [18, 19] . EPS is involved in the formation of symbiotic and pathogenic interactions with hosts and are proposed to be a major constituent of biofilm mature structures.
They are also beneficial for protection of bacterial cell from desiccation [20] , for continuing major cellular functions, crystallizing capability and waste degradation kinetics [21, 22] . Furthermore, EPS are also involved in chelation of different heavy metals from polluted sites by binding ionic forms of heavy metals into polymeric substances [23] . EPS is an amalgam of different substances consisting of polysaccharides, proteins, various organic and inorganic compounds etc. [24] .
Microorganisms for example bacteria, algae or fungi are being reported to grow in Cr (VI) stress environment by producing EPS, that are involved in Cr (VI) reduction [25, 26] . EPS are very beneficial for the survival of these microbes in stress conditions. So, EPS producing ability of microbes could be utilized for the cleaning of Cr (VI) contaminated areas [27] . Currently, microorganisms are utilized for remediation of Cr (VI) polluted soils, as they have potential to detoxify Cr (VI) to less toxic and insoluble Cr (III) as compared to expensive techniques [13] .
The purpose of this research work was to analyze Cr (VI) reduction potential and EPS producing ability of previously isolated chromium resistant bacterial strain from tannery wastes. Quantification of protein and carbohydrate under stress and non-stress conditions was another aim of this study.
MATERIALS AND METHODS

Cr (IV) Resistant Bacterial Strains
Cr (VI) resistant bacterial strains UE1 (KC668296) and UE4 (KC668297) used were previously isolated by Batool et al. (2014) from tannery industries (Sialkot, Pakistan) [28] . These strains were taken from the Department of Microbiology and Molecular Genetics, University of the Punjab, Lahore, Pakistan and were regrown on Luria Bertani (LB) agar supplemented with an initial concentration of 100µgml -1 of Cr (VI) stress.
Maximum Resistivity
The maximum resistivity of bacterial isolates was determined by inoculating strains systematically supplemented with higher concentrations of K 2 CrO 4 on LB-agar plates. The bacterial strains showing resistance at a specific concentration were further inoculated on higher concentrations. The process was initiated with initial concentration of 100µgml -1 then preceded with 250µgml -1 and 500µgml -1 until maximum resistance level was achieved. 
Metal and Antibiotic Resistance Profile
Estimation of Reduction Potential of Cr (VI)
Cr (VI) reduction potential was determined by Diphenylcarbazide method [22] . It was estimated calorimetrically by reaction with diphenylcarbazide in acid solution. Bacterial strains were regrown in LBbroth supplemented with Cr (VI) stress (100µgml -1 ). After 24hrs, cultures were taken in sterile eppendroffs and centrifuged for 5min at 12,000rpm. Pellets were discarded and 50µl supernatant was taken. To the supernatant, orthophosphoric acid and diphenylcarbazide was added and incubated for 15minutes at room temperature. A purple-violet colored complex of unknown composition was produced. Optical density was observed at 540nm and Cr (VI) reduction potential was determined.
Extraction, Purification and Characterization of EPS
These strains were screened for EPS production by growing on E and P media [29, 30] . Different components of E medium were prepared and autoclaved separately. All components were mixed under aseptic conditions (supplemented with 100µgml -1 of Cr (VI) stress). Strains were inoculated in P and E media and incubated at 37ºC for 5 to 7 days [6] . Solvent extraction method was performed by centrifuging bacterial cultures and supernatant was further used [31] . Extracted EPS were filtered and refined by using centrifugation [32] . For protein estimation of exopolysaccharides, Bradford's method was used [33] . Reducing and non-reducing sugars were determined by phenol sulfuric acid assay [34] .
Estimation of Released Exopolysaccharides (REPS) and Loosely Bound Exopolysaccharides (LEPS)
Exopolysaccharides (EPS) is made up of different layers i.e. the outer layer consists of released REPS which solubilizes in the supernatant while inner layers consist of tightly bound EPS and remain attached to the cells. So, the tightly bound EPS can be removed from cells by different treatments.
Cr (VI) resistant strains were cultured in LB-broth supplemented with (100µgml -1 ) and without Cr (VI) stress and incubated at 37ºC for 3days. Cultures were centrifuged at 5000g for 20min. Supernatant was separated for the quantification of REPS and sterilized, lyophilized, weighed and stored at -20ºC. LEPS was isolated by addition of milliQ water to pellets and vortexed. The samples were then placed on shaking water bath at 30ºC for 1hr. Then the process for REPS isolation was repeated for the isolation of LEPS [35] .
Thin Layer Chromatography (TLC)
TLC was performed for the identification of different compounds present in extract. Extract and standards were spotted on the TLC plate. After spotting, TLC plate was air dried. Water/ethyl acetate/n-butanol in a 4:5:4 ratios was used as running solvent. TLC plate was positioned in the tank in such a way that the spots did not dip in the solvent. The plate was left in the tank for solvent to rise about one third of the plate, and then it was allowed to dry. Acid digestion was used for partial breaking of complex polymers into simple and then was run on TLC plate. Standard solutions (1mgml -1 ) of carbohydrates were also run in same system as control. Double developed TLC was observed under UV illuminator for detection of any spot that is visible under UV only. The TLC plate was then stained by spraying it with H 2 SO 4 /methanol reagent. TLC plate after staining with reagent and baking for few minutes for color development was observed. The constituent displaying UV absorbance and fluorescence was marked and scanned.
Fourier Transforms Infrared Spectroscopy (FTIR) Analysis
FTIR spectrum analysis was done to describe alteration in position of functional groups that existed along the surface of EPS produced by bacterial strains (UE1 and UE4) grown with (100µgml -1 ) and without Cr (VI). The EPS fractions extracted from two strains were centrifuged and lyophilized. The lyophilized samples were weighed and 20mg was taken for FTIR analysis by KBr disc method with the range of 500-4000 cm -1 [23] .
RESULTS
Cr (IV) Resistant Bacterial Strains
Bacterial strains UE1 and UE4 were streaked on high concentration of K 2 CrO 4 in LB-agar plates and were further streaked on higher concentrations until sensitivity level was achieved. .
Maximum Resistivity
Maximum resistance was determined for Cr (VI) resistant strains. Cultures were grown with increasing concentration of Cr
Metal Resistance and Antibiotic Resistance Profile
The ability of bacterial strains to tolerate heavy metals other than chromium such as copper (CuSO 4 ), cobalt [Co(NO 3 ) 2 ], lead (PbCl 2 ), zinc (ZnCl 2 ) and nickel (NiCl 2 ) was found which indicated the multiple metal resistance characteristics ( Table 1) . Antibiotic susceptibility of the chromium resistant strains towards five different antibiotics was observed. UE1 and UE4 showed resistance against all of them.
Estimation of Reduction Potential of Cr (VI)
Cr (VI) reduction potential of bacterial strains was determined. Cr (VI) reduction ability of UE1 and UE4 was 100%, and 99.2% after incubation at with 100µgml -1 concentration of Cr (VI) respectively ( Figure   1 ).
EPS Extraction, Purification and Characterization
These strains were screened for EPS production by growing on E and P media. Strain UE1 exhibited weak growth while UE4 showed rich growth on E and P medium after 24hrs incubation. Released and bound EPS were observed and quantified under stress and non-stress conditions for both strains. The effect of Cr (VI) on EPS production was also analyzed (Figure 2) 
Thin Layer Chromatography (TLC)
Double developed TLC of EPS extracts was observed under UV illuminator after drying. Spots visible under UV were marked. Brownish black spots appeared after spraying and baking with reagent, showed retention time for all standards carbohydrates and light brown spots indicated the carbohydrates present in samples. Retention factor (0.52) for all standards, mixture of standards and sample was almost same (Figure 3) . Bands of carbohydrate standards were visible after staining while bands of all samples were visible only under UV illuminator and retention time for all samples was almost same. 
Fourier Transforms Infrared Spectroscopy (FTIR) Analysis
FTIR analysis was performed to analyze different functional groups involved in EPS formation. Different peaks obtained in FTIR spectra indicated the occurrence of a number of functional groups and hence a complex nature of exopolysaccharides. 
DISCUSSION
Rapid industrialization in developing countries is a basic reason for increased economic growth but ultimately leading to environmental pollution [36] . Chromium is widely used heavy metal in different industries [37] . Many scientists isolated Cr (VI) resistant bacteria and utilized their ability to reduce Cr (VI) for remediation purposes [38] .
Extracellular polymeric substances are being defined as biological materials produced under stress environments that are characterized as ecofriendly and have distinct chemical properties [34] . This study involved the screening of already isolated chromium resistant bacteria from heavy metal polluted water and contaminated soil for exopolysaccharides production and further studied for their role in chromium removal. [39] .
Both the strains were also checked for multiple metal resistance (nickel, copper, cobalt, lead, and zinc). The resistance against very high concentrations of nickel was also reported in Alcaligenes eutrophus CH34 that have altered themselves to their surroundings containing high degrees of heavy metals. Harmful metal exposure to bacteria could result in the development of multiple metal and antibiotic resistance. So, bacteria when exposed to stress conditions may develop resistance against it [40, 41] . Antibiotic resistance was observed against gentamycin, chloramphenicol, ampicillin, tetracycline and erythromycin.
Cr (VI) removal of microorganisms is their ability to reduce toxic forms of heavy metals to less toxic form and that is very essential for their survival in stress conditions. Hexavalent chromium removal of UE1 was 100% after 24hrs of incubation whereas UE4 was 99.2% (100µgml -1 ). Similar results were described by Shakoori et al. (2000) showed high Cr (VI) reduction potential of bacteria isolated from tannery effluent [42] . So, they could be useful for the purification of Cr (VI) contaminated water.
Microorganisms produce exopolysaccharides (EPS), which play an important role in their survival and growth. UE1 revealed high level of released as well as loosely bound EPS as compared to UE4, suggesting that UE1 has high potential of EPS production under Cr (VI) stress conditions (100µgml -1 ) [32] . Previously, it is also reported that under stress conditions, bacterial cells secrete EPS for their survival. Rate of EPS production is dependent on the amount of stress of heavy metal and bacterial strain present in that environment [43, 44, 45] . Bacterial cells produce EPS and may alter their characteristics to protect themselves from Cr (VI) stress [46, 47] . Both strains exhibited more carbohydrate content than protein content.
Thin layer chromatography (TLC) technique was performed to separate the carbohydrate compounds in EPS. TLC confirmed the presence of different sugar in EPS. Similar results were reported by Kachlany et al., (2001) [48] . FTIR technique confirms the presence of various functional groups in EPS. It was observed that different peaks of functional groups were present under stress and non-stress conditions and presence of Cr(IV) affected the EPS composition. There was only a small difference in peaks of EPS samples when observed under stress and non-stress conditions. A peak at 4327. [49, 50] . Some of these charged ions were present in EPS of produced by both strains may interact in chelation of Cr (VI) and aid in survival of bacteria under chromate stress [51] .
CONCLUSION
Isolated chromium resistant bacterial strain UE1 and UE4 exhibited increased Cr (VI) removal and EPS production that could be used for the remediation of chromium polluted soils. As EPS are involved in Cr (VI) uptake from surroundings and hence making it unavailable to other living organisms.
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ABBREVIATIONS
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